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Abstract. I" -linolenic is one kind of polyunsaturated fatty acid (PUFA) essential for human body. The
aim of this study was to investigate the feasibility of Near Infrared Spectroscopy (NIRS) to determine
the content of y-linolenic in donkey meat. The spectra of forty donkey meat samples on the spectral
range of 4000-12500 cm™ were used to develop calibration models with the algorithms of forward iPLS
(FIPLS) and backward iPLS (BIPLS). The best calibration is obtained using FiPLS with 80 intervals of
the minced sample spectra, the determination coefficient, standard error, and the ratio of performance
deviation of cross-validation of which is 0.604, 157.3 mg/100g, and 1.60. The result shows that NIRS
combined with chemometrics can predict y-linolenic in donkey meat. Further studies are needed to
improve the prediction performance of calibration models.

Introduction

Donkey meat is popularly consumed in China due to its high nutritional value and unique flavor.
I'-linolenic is one kind of polyunsaturated fatty acid (PUFA) essential for human body. The body must
get y-linolenic from diet because it cannot produce y-linolenic on its own. The contribution of y-linolenic
intake to the diet comes from meat. Donkey meat contains a variety of polyunsaturated fatty acid
including linolenic [1]. The quality of donkey meat processing can be improved through the
determination of y-linolenic. Conventional methods for reliably determining fatty acid (FA) contents in
meat, such as gas chromatography (GC), are high time-consuming, laborious, destructive to samples
and often requiring use of hazard solvents, which make it impossible for real-time and on-line
measurements [2-3]. Near infrared spectroscopy (NIRS) is a modern analysis technique, which can
perform quantitative analysis of chemical compositions efficiently, rapidly and environmental friendly.
The overtones and combinations of the vibrations of C-H, O—H, N-H, and C=0 as well as some other
bonds can be observed in the NIRS range, making it possible for measurements of various parameters in
food analysis [4]. In recent years, NIRS was used to determine individual PUFA in pork, beef, mutton,
rabbit meat, and chicken and so on [5-15]. But there are no study using NIRS to determine individual
PUFA in donkey meat reported as yet. The aim of this study was to use NIRS with chemometrics to
predict the content of y-linolenic in intact and minced donkey meat samples.

Materials and Methods

Samples. Fresh donkey meats were purchased from a local butcher's shop in Baoding city on the day of
the experiment. At first, skin, excess fat, bruises and other blemishes were removed from several chunks
of donkey meat. After trimmed donkey meats were cut into cubes measuring 5 x5 x 2 cm.
A total of forty donkey meat samples were acquired. And after spectral collection of intact sample,
samples were minced by an electric meat mincing machine, and then put into a quartz sample cup and
compacted to measure spectra of minced samples.

NIRS and Chemical Analysis. NIR diffuse reflectance spectra were collected on the day of sample
preparation by a multi-purpose analyzer (MPA) spectrometer (Bruker Optics, Ettlingen, Germany) with
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a PbS detector and an internal gold background as the reference. The software of OPUS 6.5 (Bruker
Optics, Ettlingen, Germany) was used to acquire spectra over a band range of 4000-12500 cm™ with the
resolution of 2 cm™. Three spectra per sample were measured and the mean spectrum was used to
develop calibration models. T'-linolenic in donkey meat samples was determined by a gas
chromatography with a flame ionisation detection (FID) detector (Agilent 7890A GC, USA). All the
experiment was conducted at room temperature.

Chemometrics. Interval Partial Least Squares (iPLS) was used to develop calibration models for
quantitative analysis of y-linolenic in donkey meat samples. Interval partial least-squares (iPLS) was
proposed by Nergaard et al. for range selection in 2000, which was a graphically oriented approach for
local regression modelling of spectral data [16]. Some expansion algorithms of iPLS, such as forward
IPLS (FiPLS) and backward iPLS (BiPLS) were also developed and performed successfully [17-18]. In
this study, FiPLS and BIiPLS was used to select optimal spectral bands for modeling, and all steps were
carried out in MATLAB 7.5 (Mathworks, Natick, USA) with a free PLS Toolbox 5.8 (Eigenvector
Research, Inc., USA). The predictive ability of models was evaluated by calculating the determination
coefficients in calibration and cross-validation (R2), standard error of calibration and cross-validation
(SEC, SECV), and the ratio of performance deviation (RPD), i.e. the ratio of the standard deviation of
the response variable (SD) to the SECV[19]. The model with highest RPD and lowest SECV would be
the best model.

Results and Discussion

The number of means, standard deviation and range of y-linolenic measured by reference method is
179.4 mg/100g, 252.1 mg/100g, and 1.1-717.8 mg/100g. The content of y-linolenic in samples changes
obviously. There are two orders of magnitude between the minimum and maximum. It might be due to
the big difference of fat content in samples.

Table 1 calibration and cross validation parameters for quantitative analysis of y-linolenic in donkey
meat intact samples

No. of Calibration Cross Validation
Method interval Factors
S i (mj/ligOg) i (mSglilco\ég) RPDcv
5 0.927 67.3 0.215 240.8 1.05 10
10 1.000 15 0.165 232.2 1.09 9
FiPLS 20 0.429 188.1 0.199 228.1 111 3
40 0.358 199.5 0.210 223.8 1.13
80 0.999 6.3 0.492 178.0 1.42 10
5 - - - - - -
10 0.980 35.1 0.148 239.0 1.05 8
BiPLS 20 0.984 314 0.337 202.7 1.24 8
40 0.968 447 0.433 187.8 1.34 8
80 0.971 42.1 0.469 186.3 1.35 9

FiPLS and BiPLS calibration models were developed for y-linolenic with intact and minced sample
spectra respectively. The performance of models with intervals numbers of 5, 10, 20, 40, and 80 were
compared with each other. Then the better calibration models as well as sample types, method including
chemometrics and interval numbers used, and the statistics obtained for each calibration are presented in
Table 1 and Table 2. The spectra has no correlation with reference data in the BiPLS model with 5
intervals, so the results are not shown in Table 1. With the increase of number of intervals, the
performance of iPLS models becomes better. It could be that the smaller intervals contain more
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characteristic of samples. But due to the decrease numbers of variable, some overfittings are shown in
the results. The improvements lie in the increase of R? and RPD, as well as the decrease of SEC and
SECV. For intact samples, the performance of 80 intervals (used 1541-1650, 1871-1980, 2311-2420
and 3961-4070) with FIPLS is better than other FIPLS and BIPLS model, which get 0.492 and 178.0
mg/100g for R? of cross-validation and SECV. And for minced samples, also the performance of 80
intervals (used 4621-4730, 4841-4950 and 6381-6490) with FiPLS is better than other FiPLS and
BiPLS model, but the R? of cross-validation and SECV of which model is improved compared with the
better one for intact samples. The best calibration for quantitative analysis of y-linolenic in donkey meat
samples is attained using FiPLS with 80 intervals of the minced sample spectra, the RPDcv value of
which is the highest. According to Su et al. [20], the RPDcv value of the best model is 1.6, higher than
1.5 and lower than 2, which indicate that the model can be used to predict y-linolenic in donkey meat
samples, but the result is not a good calibration, and the prediction performance of the model need to be
improved in the further studies.

Table 2 calibration and cross validation parameters for quantitative analysis of y-linolenic in donkey
meat minced samples

No. of Calibration Cross validation

Method interval SEC SECV Factors
S : (mg/100g) R’ (mg/100g) RPDcv

FiPLS 5 0.955 52.6 0.273 215.6 1.17 5
10 1.000 4.2 0.297 2104 1.20 7
20 0.995 18.4 0.344 202.2 1.25 5
40 0.993 21.2 0.521 172.4 1.46 5
80 0.991 23.1 0.604 157.3 1.60 6

BiPLS 5 0.762 1215 0.271 222.4 1.13 5
10 0.751 124.3 0.248 225.6 1.12 5
20 0.728 129.7 0.270 222.0 1.14 5
40 0.834 101.4 0.354 206.9 1.22 5
80 0.818 106.2 0.386 201.8 1.25 5

Conclusion

The vy-linolenic in meat is essential for human health. The feasibility of Near Infrared Spectroscopy
(NIRS) to determine the content of y-linolenic in donkey meat is investigated in this study. The spectra
of forty donkey meat samples on the spectral range of 4000-12500 cm™ were collected, and the
reference data were gained by a gas chromatography with flame ionisation detection (FID) detector. The
calibration models are developed to predict y-linolenic in donkey meat by NIRS and iPLS. The
algorithms of forward iPLS (FiPLS) and backward iPLS (BiPLS) with different numbers of interval are
compared with each other. And the best model is obtained by the FIPLS with 80 intervals (used
4621-4730, 4841-4950 and 6381-6490) of the minced sample spectra. The determination coefficient of
calibration and cross-validation, standard error of calibration and cross-validation, and the ratio of
performance deviation of cross-validation of the best model are 0.991, 23.1 mg/100g, 0.604, 157.3
mg/100g, and 1.60. The result shows that NIRS combined with chemometrics would be a useful tool to
predict y-linolenic in donkey meat. Further studies are needed to improve the prediction performance of
calibration models. And in order to enhance the adaptability of the model, the sample size should be
added too.
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